ABSTRACT An experiment was conducted to evaluate the influence of a novel microbial phytase on broiler performance from d 0 to 42 and tibia ash at d 21. Male Cobb 500 broilers (n = 2,016) were fed 1 of 7 experimental diets: positive control (PC) formulated to meet or exceed nutrient recommendations; PC plus dicalcium phosphate (PC+DCP) formulated to provide Ca and P at 0.10% above the PC; PC plus 500 U/kg of microbial phytase (PC+500); negative control (NC) with Ca and P reduced from the PC by 0.16 and 0.15%, respectively; and NC plus 500 (NC+500), 1,000 (NC+1,000), or 1,500 (NC+1,500) U/kg of microbial phytase. Diets were fed in 3 phases from d 0 to 21, d 22 to 42, and d 43 to 49 to 32 birds/pen and 9 replicate pens/diet. From d 0 to 21, broilers fed the NC diet had decreased (P ≤ 0.05) BW gain and tibia ash compared with broilers fed all other diets, except tibia ash in birds fed PC+500. Phytase supplementation at 500, 1,000, or 1,500 U/kg to the NC improved (P ≤ 0.05) BW gain and tibia ash comparable with the PC. Feed conversion ratio (FCR) was improved (P ≤ 0.05) in broilers fed NC+1,500 compared with broilers fed all other diets. From d 0 to 49, growth performance was not influenced (P > 0.05) by diet. However, FCR was improved (P ≤ 0.05) in broilers fed 1,500 U/kg of microbial phytase compared with broilers fed the PC, PC+DCP, and NC. There were no differences in performance or tibia ash between broilers fed the PC or PC+DCP, which would indicate the PC diet was sufficient in Ca and P. Therefore, the improvements in FCR in the NC+1500 may be associated with mitigation of the antinutrient effects of phytate rather than improved P utilization.
INTRODUCTION
Phytate, the storage form of phosphorus (P) in plants, is recognized as a nutrient, antioxidant, and antinutrient, the latter being due particularly to the chelating ability of phytate with minerals and the disruption of protein digestion. Phytate from corn germ and rice bran reduced the activity of pepsin, trypsin, and alanyl aminopeptidases in the gizzard, duodenum, and jejunum, respectively, of 21-d-old broilers (Liu et al., 2009) . Supplementation of synthetic phytate reduced amino acid digestibility approximately 3 to 20%, depending on the amino acid and the level (Cowieson et al., 2006a) or the source (Onyango et al., 2009 ) of phytate in the diet. In addition, broilers fed diets with lowphytate corn were 2% heavier and 4% more efficient than broilers fed diets with normal phytate corn (Li et al., 2000) . Thus, there is significant evidence to suggest that dietary phytate impedes efficient growth rates.
Through the use of exogenous phytase and the breakdown of phytate, inorganic phosphate can be replaced in the diet with phytate P without negatively influencing broiler performance (Simons et al., 1990) . Additionally, exogenous phytase can improve Ca, Na, and amino acid availability and reduce the need to supplement some of these nutrients in the diet (Jendza et al., 2006; Ravindran et al., 2008) . However, the economic use of exogenous phytase as a source of phosphate often limits the inclusion in broiler diets to approximately 500 U/ kg. The extent of phytate hydrolysis may depend on many factors including phytase dose (Shirley and Edwards, 2003; Cowieson et al., 2006b) , phytate solubility and thus susceptibility to phytase, dietary Ca level (Tamim et al., 2004) , and phytase efficacy. For example, logarithmic inclusions of phytase past commercial recommendations improved BW gain (BWG), feed efficiency, AME n , and mineral and amino acid digestibility presumably through phytate hydrolysis (Cowieson et al., 2006b ) and alleviation of the antinutritive properties of phytate. However, it could not be ruled out that these benefits were through continued improvements in P utilization. The objective of this trial was to determine if phytate destruction could result in improved performance. To this end, graded levels of a novel microbial phytase were added to diets and compared with a standard diet and a standard diet with supplemental dicalcium phosphate. The purpose of the latter diet was to ensure that performance of the standard diet was not limited by P or Ca, so that any improvements in performance, feed efficiency, and bone ash could be attributed to phytate hydrolysis rather than P provision.
MATERIALS AND METHODS
All experimental procedures were approved by the Virginia Tech Institutional Animal Care and Use Committee.
Birds and Husbandry
Cobb 500 male broilers (n = 2,016) were obtained from a commercial hatchery at day of hatch and transported to the research facilities at Virginia Tech. On arrival, chicks were randomized, weighed by pen, and placed in floor pens on clean pine shavings at a stocking density of 12.6 chicks/m 2 . Birds were maintained on a lighting program of 23L:1D d 0 to 7, 18L:6D d 8 to 14, 14L:10D d 15 to 28, and 18L:6D d 28 to 49, and they were allowed ad libitum access to feed and water for the 49-d trial.
Dietary Treatments
All diets were based on corn-soybean meal and fed in crumbled (d 0 to 21) or pelleted (d 21 to 49) form and formulated to meet or exceed Cobb 500 requirements (Cobb 500 Broiler Performance and Nutrition Supplement, Cobb-Vantress Inc., Siloam Springs, AR; Rostagno, 2005) , with the exception of Ca and available P in the negative control (NC), which was reduced 0.16 and 0.15%, respectively, from the positive control (PC). Dietary treatments consisted of the PC, PC plus dicalcium phosphate (PC+DCP) formulated to provide Ca and P at 0.10% above the PC, PC plus 500 U/kg of microbial phytase (PC+500), NC, and NC plus 500 (NC+500), 1,000 (NC+1,000), or 1,500 (NC+1,500) U/kg of microbial phytase. Diets were fed in 3 phases: phase 1 from d 0 to 21 (Table 1) , phase 2 from d 22 to 42 (Table 2) , and phase 3 from d 43 to 49 (Table 3) . Each treatment was replicated by 9 pens of 32 chicks (d 0 to 21) and 28 chicks (d 22 to 49) each. Corn was added in place of phytase in diets not supplemented with phytase. The phytase used in the experiment was a modified Escherichia coli 6-phytase expressed in Trichoderma reesei (Quantum Blue, AB Vista Feed Ingredients, UK) with an expected activity of 5,000 U/g. One phytase unit is defined as the amount of enzyme required to release 1 µmol of inorganic P/min from sodium phytate at 37°C at pH 5.5.
Response Variables
Birds were weighed by pen before placement (d 0) and on d 21, 42, and 49 to measure mean BW and calculate mean BWG. Feed intake (FI) was also measured for d 0 to 21, 21 to 42, and 42 to 49 and used to calculate feed conversion ratio (FCR). Mortality was recorded daily, and any culled or dead birds were weighed. Treatment FI and FCR were adjusted according to the number of bird days, which is defined as the number of bird days alive in each pen multiplied by the number of days without incidence of mortality. Birds for sampling were anesthetized by exposure to CO 2 gas for approximately 30 s and euthanized by cervical dislocation for collection of tibias.
On d 21, 4 birds/pen of average BW were euthanized, and right tibias were obtained and pooled for determination of bone ash. Tibias were stripped of adhering tissues, wrapped in cheesecloth, and dried overnight at 100°C. Fat was extracted from the tibias using a Soxhlet apparatus and 100% ethyl ether according to modified methods of Watson et al. (2006) . Fat-extracted tibias were dried for 24 h at 100°C and ashed in a muffle furnace for 24 h at 600°C to determine bone ash.
Diets were subjected to a total Ca and P analysis using a nitric acid and perchloric acid wet ash digestion. Phosphorus in the diets was analyzed colorimetri- 
Statistical Analysis
Data were subjected to an ANOVA using the standard least squares procedure of JMP 9.0 (SAS Institute Inc., Cary, NC). Pen served as the experimental unit for all parameters measured. The statistical model included diet. When differences were significant, means were separated using t-tests. Significance was accepted at P ≤ 0.05.
RESULTS AND DISCUSSION
Analyzed total P and phytase activity recovered in the diets was in agreement with formulated values when sample variation, mixing, and assay errors are considered (Tables 1, 2 , 3, and 4). Analyzed dietary Ca was approximately 20% higher than formulated, particularly in the grower and finisher phases. This may be related to sampling variation, assay errors, or variation in the Ca content of poultry by-product meal (Dozier et al., 2003) . Growth performance data are presented in Tables 5, 6 , and 7, and 21-d tibia ash data are presented in Table 5 . Tibia ash was only determined on d 21 due to the decrease in sensitivity of the bones to dietary changes as the bird ages (Barreiro et al., 2009; Karimi et al., 2011) . Overall (d 0 to 49) mortality was approximately 4%, and it was not related to dietary treatment (P > 0.05) at any phase measured (data not shown). Feed intake was not influenced (P > 0.05) by diet during any phase of the 49-d trial. A deficiency of P in chickens is characterized by a reduction in FI and reduced circulating levels of growth hormone (Parmer et al., 1987) . The lack of differences in FI between treatments may indicate P was not severely limited in the NC in the current trial. However, young birds may be more susceptible to a marginal P deficiency than older birds, and BWG and percent tibia ash were reduced (P ≤ 0.05) in broilers fed the NC diet compared with all other diets from d 0 to 21 with the exception of percent tibia ash in broilers fed the PC+500 diet. From d 0 to 21, phytase supplementation in the NC diet improved BWG to the point that it was comparable with the PC, PC+DCP, and PC+500 diets. Tibia ash percent was increased (P ≤ 0.05) with phytase supplementation to the NC such that it was similar to broilers fed the PC or PC+500 diets. This is in agreement with other published reports (Dilger et al., 2004) when microbial phytase was supplemented to corn/soy diets marginally deficient in P. In addition, phytase supplementation at 1,500 U/kg improved BWG (P ≤ 0.05) beyond that of broilers fed the PC+DCP or NC+500 diets and improved FCR (P ≤ 0.05) compared with all other diets. Tibia ash percent was highest (P ≤ 0.05) in broilers fed the PC+DCP, but this did not differ with broilers fed the PC, NC+1000, or NC+1500 diets. Pirgozliev et al. (2008) reported improvements in BWG and feed efficiency in 28-d-old broilers fed low P diets supplemented with phytase up to 2,500 U/kg. Cowieson et al. (2006b) reported improvements in BWG, FCR, AME n , toe ash, and amino acid digestibility as phytase supplementation increased in logarithmic doses from 150 to 24,000 U/kg. It is suggested that some of these improvements in growth performance, bone ash, amino acids, and energy metabolism as phytase supplementation increased may be associated with phytate hydrolysis. Shirley and Edwards (2003) reported approximately 58% phytate P disappearance with 750 U/kg of a microbial phytase compared with 95% hydrolysis with 12,000 U/kg. In addition, Leytem et al. (2008) reported improvements in ileal phytate P hydrolysis and reduced ileal phytate P with phytase supplementation (1,000 U/kg) in corn, soybean meal, barley, oats, and wheat. Although phytate hydrolysis was not measured in the current trial, it was assumed that 500 U/kg of microbial phytase hydrolyzed enough phytate to yield approximately 0.15% phytate P. Therefore, in a corn-soy diet, with approximately 0.24% phytate P, the assumption was that 500 U/kg of phytase hydrolyzed approximately 62% of the phytate and any increase in phytase would have further promoted phytate degradation but in a logarithmic dose/linear response manner. It is proposed that phytate hydrolysis per se results in improvements in BWG and FCR above that of the control diet, particularly in young broilers. While BWG was not influenced (P > 0.05) by diet from d 0 to 42 or d 0 to 49, broilers fed the NC+1500 diet were more efficient (P ≤ 0.05) than birds fed the PC, PC+DCP, or PC+500 from d 0 to 42 or PC, PC+DCP, PC+500, or the NC from d 0 to 49. Most research with phytases shows large responses in gain and intake but relatively little response in FCR. In this work it seems the bulk of the phytase response was limited to FCR, presumably because P was not particularly limiting, even in the NC. Indeed, phytase supplementation of the PC improved (P ≤ 0.05) FCR approximately 5 points compared with the PC+DCP, clearly suggesting P is not involved. Phytate interferes with endogenous enzyme secretion and activity (Liu et al., 2009) , reduces amino acid and mineral digestibility (Cowieson et al., 2006a,b) , and may inhibit growth performance when supplemented at high levels (Li et al., 2000) . Although corn and soy diets are not known for having excessive amounts of phytate, the levels of phytate in the diet may reduce broiler efficiency. Thus, the supplementation of phytase in excess of commercial recommendations or in marginally deficient P diets may promote feed efficiency in broilers due to the alleviation of the antinutrient effects of phytate, rather than the liberation of excess P. 
